The Yarlung Tsangpo-Brahmaputra river drains a large portion of the Himalaya and southern Tibetan plateau, including the eastern Himalayan syntaxis, one of the most tectonically active regions on the globe. We measured the solute chemistry of 161 streams and major tributaries of the Tsangpo-Brahmaputra to examine the effect of tectonic, climatic, and geologic factors on chemical weathering rates. Specifically, we quantify chemical weathering fluxes and CO 2 consumption by silicate weathering in southern Tibet and the eastern syntaxis of the Himalaya, examine the major chemical weathering reactions in the tributaries of the Tsangpo-Brahmaputra, and determine the total weathering flux from carbonate and silicate weathering processes in this region. We show that high precipitation, rapid tectonic uplift, steep channel slopes, and high stream power generate high rates of chemical weathering in the eastern syntaxis. The total dissolved solids (TDS) flux from the this area is greater than 520 tons km À2 yr À1 and the silicate cation flux more than 34 tons km À2 yr
INTRODUCTION
The Brahmaputra is the fifth largest river in the world (Berner and Berner, 1996) , and is second only to the Yellow river in China in terms of sediment transported per unit area (Milliman and Meade, 1983) . It is the single largest river system draining the Himalaya and southern Tibetan plateau and transports a significant portion of all physically and chemically weathered material in this region. In total, the Brahmaputra carries over 73 million tons of dissolved material annually, which accounts for approximately 4% of the total dissolved flux to the worlds oceans (Singh et al., 2005) .
Recent measures of the dissolved chemical load and total sediment flux from a number of Himalayan rivers shows that the Brahmaputra exhibits significantly higher rates of physical and chemical weathering than other large Himalayan catchments (Sarin and Krishnaswami, 1984; Sarin et al., 1989; Harris et al., 1998; Galy and France-Lanord, 1999; Galy and France-Lanord, 2001; Dalai et al., 2002; Singh and France-Lanord, 2002; Singh et al., 2005) . Spatially averaged chemical denudation rates in the Brahmaputra basin ($105 tons km À2 yr À1 ; Sarin et al., 1989) greater than the next largest Himalayan river, the Ganges (Galy and France-Lanord, 1999) , and 5 times greater than the world average ( Sarin et al., 1989) . These high rates of chemical weathering result in the consumption of $6 · 10 5 mol km À2 yr À1 CO 2 due to the weathering of silicate minerals (Singh et al., 2005) .
A number of authors have argued that high rates of chemical weathering in the Brahmaputra basin result from rapid rock uplift and heavy monsoonal precipitation which drives rapid physical erosion along the southern and eastern edge of the Himalaya (Sarin et al., 1989; Galy and FranceLanord, 2001 ). Indeed, throughout much of the Himalaya, physical erosion rates are some of the world's highest and reach 2.7 mm yr À1 in the High Himalaya and up to $1.2 mm yr À1 on the southern edge of the Tibetan plateau (Vance et al., 2003) . On the plateau itself, erosion rates may be significantly lower however (0.013 mm yr À1 ) due to low precipitation (Lal et al., 2003) . The eastern syntaxis of the Himalaya, which marks the eastern edge of the collision between the Indian and Eurasian plates, is characterized by particularly high rates of exhumation and erosion. Here rock uplift rates are some of the highest in the world (up to 10 mm/yr; Burg et al., 1998) and are in part driven by rapid river incision of the Brahmaputra and glacial removal of bedrock (Zeitler et al., 2001 ). These rapid rates of erosion are evidenced by a steep river profile, high erosive index, and elevated stream power (Finlayson et al., 2002) . Sediments generated in this rapidly eroding portion of the drainage are shown to account for nearly 35-45% of the total sediment transported in the Brahmaputra and 20% of the total sediment reaching the Bay of Bengal (Singh and FranceLanord, 2002; Garzanti et al., 2004) .
Modeling studies Waldbauer and Chamberlain, 2005) show that chemical weathering rates are expected to be high in regions of rapid surface uplift and erosion. Given the rapid exhumation of bedrock and extremely high rate of sediment generation in the eastern syntaxis, chemical weathering rates in this area of the Brahmaputra basin are expected to be significantly higher than other portions of the catchment. As a result, chemical weathering in this region may comprise a significant portion of the chemical budget of the Brahmaputra. At present, one data point (Singh et al., 2005 ) is used to suggest that rapid chemical weathering in the eastern syntaxis is responsible for the high dissolved chemical weathering fluxes in the Brahmaputra. From this data point, it is argued that chemical weathering in the eastern syntaxis dominates the total dissolved flux of the Brahmaputra, with localized chemical denudation rates of 300 tons km À2 yr À1 (Singh et al., 2005) . In light of the significance of the Brahmaputra river on global sediment and chemical budgets, it is important to understand the dominant chemical weathering processes in this catchment, the spatial patterns of chemical denudation, and specifically, to determine whether small areas of a landscape can exert significant control on global chemical budgets. This is particularly relevant in light of recent arguments which suggest that Cenozoic climate change was driven by atmospheric CO 2 reduction resulting from accelerated silicate weathering due to the uplift of the Himalaya and Tibetan plateau (Raymo et al., 1988; Raymo and Ruddiman, 1992) .
We collected a total of 161 water samples from the Yarlung Tsangpo-Brahmaputra and its tributaries in southern Tibet in 2004 and 2005 and from the Siang-Brahmaputra in 2006 to: (1) quantify the role of the eastern syntaxis on chemical weathering fluxes in the Brahmaputra river; (2) determine the proportions of carbonate and silicate weathering in the main tributaries of the Yarlung Tsangpo-Brahmaputra in southern Tibet; and (3) examine spatial patterns of CO 2 consumption by silicate weathering in different portions of this basin.
GEOLOGIC SETTING

The Yarlung Tsangpo-Brahmaputra and the Tibetan plateau
The Himalayan orogenic belt is a 2000 km long, eastwest trending feature marking the collision of the Eurasian and Indian plates. At the western and eastern ends, the belt terminates at the Nanga Parbat and Namche Barwa syntaxes, areas that are characterized by exhumation rates of up to 10 mm yr À1 (Zeitler et al., 1993; Burg et al., 1998) . In the eastern end of this collisional zone, the suture between the Eurasian and Indian plates follows an east-west trend identified as the Indus Tsangpo Suture Zone (Gansser, 1964; Gansser, 1980) and spans a clearly defined ''indentor corner'' at the edge of the Indian plate (Koons, 1995) . Directly north of the ITSZ (Indus Tsangpo Suture Zone) the Tibetan plateau is underlain by the Lhasa block, which is dominated by 120-40 Ma Transhimalayan plutons consisting of gabbroic to granodioritic batholiths of the Gangdese belt (Zhang et al., 1981) . Within the Lhasa block, calc-alkaline plutons intrude into a series of sedimentary rocks and Precambrian basement. South of the Transhimalayan plutonic belt, local bedrock is dominated by North Himalayan gneiss domes and intermixed Paleocene to Eocene conglomerates, shales, sandstones, and local basalt flows of the Tethys Himalayan zone (Burg and Chen, 1984) (Fig. 1 ).
Namche Barwa and the eastern syntaxis of the Himalaya
The eastern Himalayan syntaxis marks the zone where the fault systems related to the Eurasian/Indian plate suture change from an E-W trend to N-S trend and acts as the boundary between the Gangdese or Transhimalayan Plutonic Belt (formerly the Asian plate margin) and the Himalayan Tethys sediments (Fig. 1 ). This region is marked by the massive peaks of Gyala Peri (7281 m) and Namche Barwa (7756 m) . At the core of the Namche Barwa syntaxis is a large north-plunging antiform which is rimmed to the north by a U-shaped shear zone system. Here, migmatitic gneisses have been exhumed over the last several million years and local bedrock records high grade metamorphism marked by granulite facies rocks (Ding and Zhong, 1999) . In the immediate area of the syntaxis, young (U-Th)/He and U-Pb zircon ages and biotite Ar-Ar ages indicate rapid rates of uplift and exhumation (Booth et al., 2004; Malloy, 2004) accommodated by some of the most rapid rates of fluvial incision in the world. Estimates of exhumation rates for this region range from 3 to 10 mm yr À1 over the last several million years (Burg and Meier, 1997; Burg et al., 1998) .
CLIMATE, VEGETATION, AND HYDROLOGY OF
THE YARLUNG TSANGPO-BRAHMAPUTRA
Hydrology and climate of the Yarlung TsangpoBrahmaputra
The Brahmaputra river carries approximately 2.7% of the total world freshwater discharge (Berner and Berner, 1996) and is the single greatest source of sediment to the oceans (Milliman and Meade, 1983) . It serves as one of the primary drainages for all of the central and eastern Himalayas and southern Tibetan plateau, covering close to 630,000 km 2 . The headwaters of the Yarlung Tsangpo, the main high Himalaya stem of the Brahmaputra river, originate at $5200 m elevation at the base of the Chamyungdung glacier at Mount Kailash in south-central Tibet. From here, the Tsangpo flows due east for $1300 km along the IndusTsangpo suture between the Indian and Eurasian plates. In the western portion of the Tsangpo basin, a strong rainshadow effect from the Himalayas shields the catchment from significant monsoonal rainfall and limits total precipitation to <0.3 m yr À1 . As a result, the Tsangpo discharge before the eastern syntaxis is less than 10% of the total Brahmaputra river flux in Bangladesh. At the far eastern end of the Himalayan belt, the river changes its E-W course and bends north around Namche Barwa. Here, the Tsangpo river slope becomes extreme, dropping approximately 2000 m in a distance of 200 km. In this area, yearly precipitation (>700 mm yr À1 ) is greater than in western portions of the drainage and varies dramatically with elevation. Areas above snowline receive an equivalent of 2500-3000 mm of precipitation a year (Li and Zheng, 1981) . South of the syntaxis, the Yarlung Tsangpo becomes the Siang, which joins the Dihang and Lohit river in the Assam plain at Pasighat to form the Brahmaputra, ultimately joining the Ganges and draining to the Bay of Bengal. Here, discharge varies dramatically throughout the year, with the highest discharges occurring between June and October. Previous estimates of rainfall suggest that the three peak monsoon months of June to September accounts for 70-77% of total precipitation in the upper Yarlung Tsangpo , however TRMM satellite precipitation data (Bookhagen and Burbank, 2006) suggests that the eastern syntaxis region of the Himalaya may receive 50 percent or more of total yearly precipitation outside of the Indian Summer Monsoon.
In the eastern part of the Yarlung Tsangpo drainage near the Namche Barwa syntaxis, glaciers play an important part in shaping the local topography and likely exert significant control on the riverine chemistry of the two most heavily glaciated tributaries, the Yi'Ong Tsangpo and Parlung Tsangpo. Snow line for this area is at $4500 to 4700 m, however the present lower extent of most glaciers in this region is $5000-5200 m. In the vicinity of the syntaxis, glaciers cover nearly 8000 km 2 (Li and Zheng, 1981) .
Physical erosion rates in the Yarlung Tsangpo-Brahmaputra basin
Exhumation and erosion rates in the Himalaya are extremely high, reaching 2.9 mm yr À1 in the eastern Himalaya and 2.1 mm yr À1 in the west (Galy and France-Lanord, 2001 ). In particular, the eastern syntaxis of the Himalaya exhibits some of the highest rates of exhumation on the globe (up to 10 mm yr À1 ) (Burg et al., 1998) . Here rapid rock uplift is accommodated by and possibly controlled by rapid incision of the Tsangpo-Brahmaputra and the resultant removal of large volumes of rock and sediment through glacial erosion and massive landsliding (Zeitler et al., 2001) . As a result, this area generates a disproportionate percentage of the suspended sediment and dissolved chemical load and may account for 40% of the total Brahmaputra sediment flux (Singh and France-Lanord, 2002; Singh et al., 2003; Garzanti et al., 2004; Singh et al., 2005) .
SAMPLING AND CHEMICAL ANALYSIS
Stream solute chemistry
We sampled 144 streams and major Tibetan tributaries of the Yarlung Tsangpo-Brahmaputra (Figs. 2 and 3 ) and 17 tributaries along the Siang, south of the eastern Himalayan syntaxis (Fig. 3) . Waters collected for dissolved Si and base cation analysis were filtered through 0.45 lm nylon filters into acid-washed HDPE bottles and acidified with double distilled nitric acid. Cation and dissolved Si concentrations in stream waters were measured using an Atomic Emission spectrometer (ICP-AES). Water samples for anion measurements were filtered through 0.45 lm nylon filters and collected in HDPE bottles. Alkalinity measurements were made by gran titration soon after sample collection. Anion concentrations were measured using a Dionex AS-4 ionchromatograph. Measurement error for cation and anion analyses is within ±10%. Stream pH and temperature measurements were made with an Accument AP-61 pH meter and temperature probe on site. The estimated uncertainty for measurements is ±0.05 pH units and ±0.1°C.
Composition of stream bedload
Few detailed geologic maps exist for the regions of the main tributaries of the Yarlung Tsangpo-Brahmaputra river in southern Tibet. As a result we examined the geologic makeup of the stream bedload using a pebble count to obtain a general understanding of the primary rock types represented within each drainage. At each stream sampling site, we collected a minimum of 50 rock samples at random from the main stream channel for hand identification. Most rocks in the stream bedload fall into three major groups: granite/granitic gneiss, schist/other felsic volcanic, and mafic volcanics that includes amphibolites and other high-grade mafic metamorphics. Despite the abundance of carbonate in the Tethyan sediments and subordinate amounts of carbonate in the High Himalayan Crystalline units, little or no carbonate pebbles were observed in bedload samples upstream of the syntaxis region. Bedload composition data are shown in Appendix A.
Chemical flux measurements
To determine annual chemical weathering fluxes, it is necessary to have accurate stream discharge data. Due to a lack of stream gauging stations in southern Tibet, discharge estimates for this study are derived from calibrated Tropical Rainfall Measurement Mission (TRMM) satellite measurements averaged over the past 8 years (Bookhagen and Burbank, 2006) . Rainfall-weighted flow accumulations were calculated using a patched 90 m Shuttle Radar Topography Mission (SRTM V2) digital elevation model. We observe that accumulated TRMM rainfall can be used to predict discharge along the Himalayan mountain front and in the eastern syntax (Finnegan et al., 2005; Anders et al., 2006) . While runoff estimates based on satellite precipitation data provide a good measure of total discharge, these types of estimates do not necessarily take into account potential water losses through infiltration and evapotranspiration as well as discharge increase due to snowmelt. However, glacial coverage on the southern Tibetan Plateau is moderate and evapotranspiration is low due to the non-existent vegetation cover and low mean annual temperatures. We argue that possible losses from the system add uncertainty to flow estimates that may range from 0% to 30% (whereby 30% indicates the maximum increase in discharge due to snowmelt at the southern Himalayan front). One comparable streamflow estimate is lower (locally up to 50% at Pai) than that used in previous studies of the Tsangpo-Brahmaputra (Singh et al., 2005) . This may be due to increased glacial runoff or the difficulty in precisely estimating streamflow measurements in mountainous areas. Thus, although our absolute discharge amounts may vary from in situ measurements, the relative amounts are thought to be accurately represented.
In order to determine the amount of energy exposed per unit area, we use a specific stream power approach (Knighton, 1998) . The specific stream power is defined as the gravity times the density of water times the energy slope (river gradient) times the discharge divided by the channel width. The channel slopes are extracted from the patched 90 m SRTM V2 digital elevation model, the discharge is given by the calibrated TRMM rainfall data, and we use a power-law relationship with discharge to derive channel width. We smooth the specific stream power profile over a sliding window of 20 km to rule out local disturbances.
RESULTS AND DISCUSSION
The solute chemistry of the Nyang, Po and Yarlung Tsangpo
The main drainages sampled in this study include the Nyang, Po, Yarlung Tsangpo, Lhasa He, and Siang (Figs. 2 and 3). Solute chemistry and chemical flux data for stream samples are grouped by drainage basin and distinguish small tributaries from main river stems. These data are shown in Table 1 . Despite the large number of samples from varied geologic and tectonic environments, the chemical composition of stream waters analyzed in this study are generally dilute,
in mg=LÞ ranging from 16 to 356 mg/L. However, a number of streams in the upper Yarlung Tsangpo, which is defined as the area of the basin upstream of where the Lhasa He joins the Yarlung Tsangpo, exhibit high TDS of up to 976 mg/L and may reflect hydrothermal inputs or evaporite weathering in these drainages. In general however, solute data are in good agreement with previous measures of the dissolved chemical composition of the upper Tsangpo and Lhasa He (Singh et al., 2005) . At the time of sampling, stream water temperatures ranged from $2°C in the high elevation sample sites of the upper Nyang to $14°C in the westernmost sample locations along the middle Yarlung Tsangpo, and displayed neutral to alkaline pH values (6.8-8.7). No temperature data are available for samples collected in the upper Yarlung or Siang.
A good measure of the quality of the data presented here is the charge balance (leq) between total dissolved cations (TZ + = Na corner of the ternary plot, which may result from the weathering of more Mg-rich bedrock and dolomites, or the loss of Ca 2+ from the system by preferential precipitation of calcite over dolomite during fluvial transport.
A ternary plot of the HCO 3 À , Cl À þ SO 4 2À , and dissolved Si show that most waters are dominated by bicarbonate (Fig. 5) . On average, it comprises 83% of anions on a molar basis, followed by SO 4 2À (15%), NO 3 À (5%) and Cl À (0-5%). In the tributaries of the upper Yarlung Tsangpo and in the eastern syntaxis, waters are characterized by high Cl À (10-760 lM) and SO 4 2À (310-4220 lM), which may be attributable to the presence of hot springs or evaporites. High sulfate concentrations may also be derived from the oxidation of pyrite or other sulfides (Ping et al., 2000) . This is observed firsthand in one drainage (05-Tibet-1), which is marked by pyritic rocks, low stream pH, and active iron oxide formation. This is likely an important source of SO 4 2À in many of the streams analyzed, as suggested by the lack of correlation between Cl À and SO 4 2 . This suggests that for many drainages, the primary source of SO 4 2À is from oxidation of pyrite, as is seen in other parts of the High Himalaya (Galy and France-Lanord, 1999 ). In addition, most streams exhibit low SO 4 2À =Ca 2þ ratios ($0.3) which limits possible evaporite input. , Mg 2+ , and Na + K concentration of stream waters. Samples are identified as small tributaries or the main stem of each of these main rivers. Samples cluster near the Ca 2+ endmember, highlighting the importance of weathering processes that release Ca
2+
. The bulk composition of rainwater (RW), hot springs (Hot Spr), calcite, granite (Gr), and metabasalts (MBs) are shown.
Timing of stream sampling and flux estimates
We , which are up to 90% greater in 2005. This variability may result from greater stream discharge during the 2004 sampling due to higher snow melt and monsoonal precipitation in the May sampling period. In light of this variability, it is important to note that both April and May collection periods predate the peak monsoonal precipitation and runoff. Thus, subsequent interpretations fail to account for possible seasonal fluctuations in stream chemistry. In the lower Brahmaputra river, these seasonal variations in solute concentrations can be significant and measured concentrations vary between monsoonal and pre-monsoonal river flow Sarin et al., 1989; Singh et al., 2005) . Despite this, we submit that late April, May and August sampling periods may be used to generate reasonable annual flux estimates for the following reasons. First, recent chemical analyses of streams draining the High Himalaya show that during the monsoon, discharge increases by a factor of $20 over winter flow, but total concentration is only slightly reduced (Galy and France-Lanord, 1999) . Additionally, measurements of the seasonal variation of dissolved cations in the Yarlung Tsangpo at the Yangcun gauging station (1961), which is located close to sampling location 05-Tibet-100, shows a total annual variation in dissolved ion content from $120 to 200 mg/L, with maximum concentrations occurring between November to April and minimum concentrations between June to September . Monthly measurements of stream discharge at this location show that October to May runoff contributes nearly 30% of the total annual discharge. Using monthly solute concentrations and total monthly discharge it is possible to calculate the estimated annual weathering flux using stream chemistry data from different monthly sampling periods. From this monthly record, we would predict that the total annual dissolved flux calculated from a single water analysis from mid-April or May would be 20-30% higher than calculated fluxes using monthly sampling or a single sample collected during peak stream discharge in late summer. Stream chemistry data from the lower Brahmaputra at Guwahati show that all major cations and dissolved Si concentrations in mid-April and May water samples are generally within 10-20% of June and July solute concentrations, and in some instances, mid-April or early May samples exhibit lower concentrations than midsummer water samples (Singh et al., 2005) . Thus, although late April and May sampling periods predate peak monsoonal precipitation and discharge, based on these published seasonal Brahmaputra stream chemistry data we would argue that the error induced by the timing of our stream sampling along the middle and lower Yarlung Tsangpo, Po Tsangpo, and Nyang Qu, is likely not greater 50%, which is roughly the maximum year to year variability in concentrations that we observed for most solutes.
Samples W-2-2 to W-2-25 in the upper Yarlung Tsangpo were collected in August of 2005 during peak discharge and as a result, flux estimates for these sites are likely more representative of the total yearly dissolved flux than measures based on water chemistry predating the monsoon. Samples WA-1 to WA-17 along the Siang river south of the eastern syntaxis were collected during February of 2006, which reflects the timing of the lowest stream discharges and highest solute concentrations in the Brahmaputra. As a result, chemical flux calculations for these sample sites may overestimate annual dissolved fluxes. However, TRMM satellite measurements (Bookhagen and Burbank, 2006) show that the eastern syntaxis region receives at least 50% of yearly precipitation outside of the Indian Summer Monsoon period. This À , SiO 2 , and Cl À þ SO 4 2À concentration of stream waters. Each symbol corresponds to streams from the main tributaries analyzed in this study, the Nyang, Po and lower and upper Yarlung. Samples are identified as small tributaries or the main stem of each of these main rivers. Stream waters cluster near the HCO 3 À endmember demonstrating that waters are governed by weathering processes that produce alkalinity. The bulk composition of rainwater (RW) and hot springs (Hot Spr) are shown.
suggests that February stream chemistry for small tributaries in the vicinity of the syntaxis may be useful for calculating annual chemical fluxes.
Correction for atmospheric and hot-spring inputs to stream water dissolved ions
In some hydrologic systems, rainwater and atmospheric deposition of solutes can influence the cationic and anionic charge composition of stream waters. As a result, subtracting the contributions of these ions to a catchment is important when considering the stoichiometry of mineral weathering reactions, weathering fluxes, and the dominant weathering processes in a basin. In parts of the Himalaya, rain and snow can contribute a significant amount of dissolved solutes (Nijampurkar et al., 1993; Hasnain and Thayyen, 1999; Pandey et al., 2001 ). In the lower Brahmaputra, up to 30% of Na + may be derived from marine sources (Sarin and Krishnaswami, 1984) . In contrast, in parts of the southern Tibetan plateau, atmospheric deposition of carbonate-rich dust may exceed 150 lg cm À2 yr À1 (Wake et al., 1994a) and can result in precipitation with highly variable quantities of dissolved cations or high ratios of dissolved Ca 2+ to Cl À (Wake et al., 1993; Wake et al., 1994b; Zhang et al., 2003) . Given the large degree of spatial variability in potential atmospheric contributions to stream waters over the area of study, we use several approaches to correct for potential atmospheric and hydrothermal additions to stream waters.
One means of addressing the additions of dissolved cations and Cl À from atmospheric sources is to multiply the measured molar concentration of each cation by the ion/ Cl À ratio measured in rainwater (Stallard and Edmond, 1981) . Because the streams sampled in this study cover such a large area and different portions of the catchment receive different degrees of atmospheric inputs, we corrected for rainwater inputs by assuming that rainwater has the Cl À content of the drainages with the lowest Cl À concentration in each catchment. In tributaries of the Nyang Qu and the Po Tsangpo, greater than 60% of the drainages show no detectable Cl À in solution. Although these concentrations are generally lower than would be expected from studies of Himalayan precipitation (Niehoff et al., 1994; Galy and France-Lanord, 1999; Ping et al., 2000) they are not considerably different from the low Cl À concentrations (2.9 lM) measured in precipitation over the Tibet autonomous region (Table 2; Zhang et al., 2003) . As a result, we assume that rain water additions to these two drainages are insignificant with the exception of Na + and Cl À . Tributaries draining into the lower and middle Yarlung Tsangpo are corrected for the addition of rain water inputs using the measured ion/Cl À ratio in precipitation in Lhasa (Table 2; Zhang et al., 2003) assuming rain has the Cl À content of the lowest concentrations measured in these streams, which is $1 lM Cl À . For tributaries along the upper Yarlung Tsangpo and for samples of the main stem of the Yarlung Tsangpo, we assumed that rainwater had a Cl À concentration of the stream with the lowest measured Cl À concentration (10 lM) and corrected for rainwater inputs using ion/Cl-ratios in precipitation from Lhasa (Zhang et al., 2003) . For tributaries of the Siang-Tsangpo, dissolved Cl À concentrations are relatively constant over a large spatial extent and evaporites or hot springs are not believed to be significant sources of dissolved species. Here we corrected for atmospheric additions of dissolved cations using the measured ion/Cl À ratio in precipitation collected at Goalpara and the measured Cl À concentration in solution (Satsangi et al., 1998) . Tables 3  and 4. Many streams exhibit Cl À concentrations in excess of what might be expected from additions by rainwater, reflecting possible additions from hot springs or evaporites. Hydrothermal systems can provide significant contributions to stream chemistry in active tectonic areas (Evans et al., 2001; Evans et al., 2004) and in the southern Tibetan plateau there are more than 600 known hydrothermal areas (Hui-xin, 1981; Si-yu and Ji-wen, 1981; Wei and Ming-Tao, 1981; Craw et al., 2005) . These hydrothermal systems are part of the Himalayan geothermal belt and are primarily characterized by chloride-or sulfate-type fluids (Wei and Ming-Tao, 1981) . A number of hot springs have been identified in the drainages around the Namche Barwa syntaxis (Craw et al., (Fig. 3) . However, the location of most hot/warm springs along the Yarlung Tsangpo are poorly constrained, making it difficult to directly attribute high solute concentrations to the presence of any specific hydrothermal system. Since many of the streams sampled have no detectable Cl À and catchments with high dissolved Cl À are often located adjacent to catchments which display no detectable Cl À , we assume all chlorine inputs above rain water additions to be the result of Cl À -rich hot springs or the weathering of evaporite salts, and correct stream solute concentrations for these additions. Measured ion concentrations are corrected by multiplying the molar ion/Cl À ratio in local hot spring waters (Ping et al., 2000) by the molar concentration of Cl À in solution after correction for rainwater additions (Table 2; Ping et al., 2000) .
In the Yarlung Tsangpo basin, there can be non-silicate sources of Na + , such as sodium carbonate or borax (Pascoe, 1963) . In basins with these types of Na + sources, correcting the dissolved Na + concentration based on Cl À concentrations will result in an overestimation of the amount of Na + derived from the weathering of silicate minerals. To correct for the addition of all types of non-silicate Na + , we examine the relative molar proportions of rain water and hot spring corrected Na + and Si in our stream samples after Singh Singh et al. (2005) ; discharge from this study; Ca/Na of 0.7 and Mg/Na of 0.3 from Singh et al. (2005) . b Chemistry data for Gowahati used for flux calculations; Ca/Na and Mg/Na ratios from this study. c Chemical flux data from Gaillardet et al. (1999) and references therein. Tables 1 and 2. et al. (2005) . A plot of corrected Na + * versus dissolved Si (lM) concentrations shows that most samples fall about a line close to a slope of 2 (Fig. 6 ). This slope is close to the expected relationship for weathering of Na-silicates to kaolinite (Drever, 1997) and similar to the relationship between Si and Na + observed in the lower Tsangpo-Brahmaputra by Singh et al. (2005) . Although the presence of kaolinite is typically indicative of deep weathering environments and might not be expected to form in the cold continental climate of the southern Tibetan plateau, the clay mineralogy of soils across an elevational gradient from 3700 to >4600 m in the Yarlung Tsangpo valley is dominated by micas, kaolinite, and lesser quantities of vermiculite (Smith et al., 1999) . In addition, kaolinite comprises up to 50 wt% of the total clay fraction in some sediments in the distal Bengal fan (Brass and Raman, 1990) . As a result, we corrected Na + concentrations in samples that fall well off the expected Na + /Si relationship (Fig. 6) , based on the expected relationship for the weathering of Na-silicates to kaolinite, which releases Na + and H 4 SiO 2 in a Na + /SiO 2 ratio of 0.5. To quantify the addition of excess Na + from non-silicate sources, we use this relationship for the weathering of sodium silicate to kaolinite (Singh et al., 2005) . The Na excess , which is defined here as Na excess ¼ Na Ã À Na Ã Corrected (where Na* is the concentration of Na + in solution after correction for atmospheric and hot spring inputs and Na Ã Corrected is the expected concentration of Na + in solution based on the expected relationship between Na + and Si for plagioclase weathering and kaolinite production) shows that in the main stem of the middle Yarlung Tsangpo, greater than 50% of dissolved Na + may be derived from the weathering of non-silicate, non-sodium chloride sources such as borates (Pascoe, 1963) . In addition, many of these streams that are characterized by a sodium excess are also characterized by high SO 4 2À concentrations and elevated SO 4 2À =Ca 2þ ratios. Streams with a Na excess and SO 4 2À =Ca 2þ ratios of >0.5 also exhibit high Cl À concentrations. In these systems, Cl À and SO 4 2À display a good correlation (Fig. 7) , which indicates that the weathering of evaporites, including Ca-sulfates and other Na + sources such as Na-carbonate or borate, may be significant in these drainages.
Silicate versus carbonate weathering reactions
To first order, the composition of the bedrock underlying a basin is the dominant control of stream chemistry. As a result, variations in bulk rock composition or the presence of trace quantities of highly weatherable rocks or minerals in a catchment can generate significant differences in dissolved chemical components. The basins examined in this study are primarily underlain by rocks of four major compositions: (1) granite/granitic gneiss, (2) schist/other felsic volcanic, (3) mafic volcanics, and (4) sedimentary and metamorphosed sedimentary units including silt-, clay-and sandstone units (Appendix A). However, because the majority of streams are characterized by dominantly felsic materials (>90% on average) in the bedload, many streams have similar dissolved Si chemistry and most dissolved Si concentrations are between 75 and 150 lmol L
À1
. Major cation concentrations are more variable in stream samples than dissolved Si concentrations, and results from the fact that unlike Si, the dissolved concentration of other ions such as Ca 2+ , Mg 2+ and Na + is readily influenced by the presence of trace amounts of carbonates or evaporites within a basin. When even trace amounts of these rock types are present, the overall stream chemistry may be dominated by the weathering of these rocks. This may be the case in the Siang, where Ca 2+ concentrations are extremely high, likely owing to the weathering of carbonate-rich sedimentary units or Ca-rich mafic rocks.
In many weathering environments, the chemical weathering of silicate minerals results in the formation of secondary clays. Although the clay content of the bedload of the Brahmaputra is relatively low, comprising only 2-3% of total sediments (Singh et al., 2005) , illite, kaolinite, and chlorite (Sarin et al., 1989; Brass and Raman, 1990 ) are all found within the clay-sized fraction of Brahmaputra sediments. To understand the dominant chemical weathering processes in the Tsangpo-Brahmaputra in Tibet, we consider here the weathering of plagioclase, biotite and potassium feldspar to kaolinite and smectite as well as the weathering of biotite to vermiculite after the method described in Jacobson et al. (2003) .
Ternary diagrams can provide a useful tool for understanding the primary chemical weathering reactions in a system. By plotting the composition of stream waters with respect to important chemical components we can evaluate the weathering reactions occurring in a drainage basin. For example, when plagioclase chemically weathers it can result in the production of kaolinite. This releases Na + and H 4 SiO 2 into solution in a ratio of 0.5 (Drever, 1997) . When plagioclase weathers to form smectite and other secondary products, the molar ratio of Na + /SiO 2 released in this pro- 4 concentrations for streams from the middle and upper Yarlung Tsangpo that are characterized by Na-excess (marked by an asterisk in Table 1 ) and less than 1000 lM SO 4 2À . The relationship between Cl À and SO 4 2À shown here indicates inputs from the weathering of evaporite minerals in some stream systems in the arid portions of the Yarlung Tsangpo catchment.
cess is dependent upon the Ca 2+ /Na + ratio of the plagioclase. We used microprobe analyses from 42 plagioclase grains from granitic rocks along the Yarlung Tsangpo, Namche Barwa syntaxis, and Po Tsangpo to calculate an average plagioclase Ca 2+ /Na + ratio of 0.545 (A. Booth, personal communication) and assumed secondary smectites to have an average layer charge of 0.33 (Moore and Reynolds, 1997) . Thus, the weathering of plagioclase and production of Ca-beidellite would release a molar Na + /SiO 2 ratio of 1.25. The weathering of plagioclase and production of Nabeidellite would release a molar Na + /SiO 2 ratio of 0.88 (Drever, 1997) . A plot of the relative molar proportions of Ca 2+ , Na + , and dissolved Si shows that nearly all stream waters fall along a mixing line defined by calcite weathering and kaolinite production (Fig. 8) . Some samples fall off this line, and instead may plot along a mixing line defined by the production of smectite and the weathering of calcite.
To examine whether biotite weathering and vermiculite production is significant, we also examined reactions involving the release of K + . Biotite and potassium feldspar are the dominant source of K + in the study area and weathering reactions involving these minerals would be expected to release K + to solution. A plot of the relative molar proportion of Na + , dissolved Si, and K + in stream waters shows that most samples fall in a broad pattern around a mixing line defined by the weathering of plagioclase to kaolinite and the weathering of biotite to vermiculite (Fig. 9) . Some samples, particularly main stem river samples and waters from tributaries of the middle and upper Yarlung Tsangpo, fall off this mixing line, trending toward inputs of dissolved Na + . These may reflect weathering of evaporites, Na-carbonates, or borates within some of the arid western basins (Pascoe, 1963) .
Despite relatively few carbonate rocks identified in the stream bedload of any drainages sampled, the solute chemistry of nearly all stream waters examined is strongly influenced by carbonate weathering reactions, with most streams displaying high dissolved Ca 2+ and HCO 3 À and relatively high Mg 2+ /Ca 2+ ratios (Figs. 4 and 5) . In light of the potential for significant Ca 2+ fluxes from the weathering of small amounts of calcite in a drainage, it is important to be able to distinguish between carbonate and silicate sources of Ca 2+ and Mg
2+
. This is particularly important because only the weathering of silicate minerals can result in the net consumption of atmospheric CO 2 via the weathering process. Studies from tributaries of the lower Brahmaputra and Ganges show that Ca 2+ and Mg 2+ account for more than 80% of dissolved cations in highland rivers (Sarin et al., 1989) and in the headwaters of the Ganga (Krishnaswami et al., 1998) . In the lower Brahmaputra, up to 75% of all cations may be derived from carbonate weathering (Singh et al., 2005) . To determine the relative role of carbonate and silicate weathering on the release of Ca 2+ and Mg 2+ in the major tributaries of the Tsangpo-Brahmaputra, we calculated the carbonate weathering index (CWI) after Harris et al. (1998) . Basins in which carbonate weathering provides the majority of the total dissolved Ca 2+ and Mg 2+ species will have high a CWI index (>0.5) while catchments with less significant inputs by carbonate weathering are expected to display a low (<0.5) CWI index. The carbonate weathering index (CWI) is defined as:
where a = (Ca/Na) Plagioclase + (Mg/Na) Rock . The Ca/Na ratio used here (0.545) is taken from electron microprobe measures of 42 plagioclase grains from samples collected along the Yarlung Tsangpo, Po Tsangpo, and Namche Barwa area (Booth et al., 2004) and is the same , Na + and dissolved Si concentration of stream waters. Most samples fall along a mixing line defined by the release of Ca 2+ during calcite weathering and the production of kaolinite during the weathering of plagioclase. Samples that fall off this line likely reflect additions from hot springs or evaporite weathering in the basin. The bulk composition of rainwater (RW), hot springs (Hot Spr), calcite, granite (Gr), and metabasalts (MBs) are shown. value used to define weathering reaction mixing lines in Figs. 8 and 9. This value rests between the values of 0.2 and 0.7 used in previous studies of the Brahmaputra to estimate the percentage of ions derived from carbonate weathering (Galy and France-Lanord, 1999; Jacobson et al., 2002; Singh et al., 2005) . Based on major element chemistry of southeastern Tibetan granitoids (Booth et al., 2004) we use a Mg 2+ / Na + ratio of bulk silicate rocks of 0.30, which is similar to calculated values in Galy and France-Lanord (1999) and the value reported in Krishnaswami et al. (1999) . It is important to note however, that the Ca 2+ /Na + and Mg
/Na + ratio used to calculate the relative proportion of Ca 2+ and Mg 2+ ions derived from carbonate or silicate weathering can impart a significant degree of error on these estimates, particularly in basins that are not large enough to average the chemical heterogeneity of bedrock formations. This could have the effect of generating over-or under-estimates of the amount of Ca 2+ and Mg 2+ ions derived from carbonate weathering. Furthermore, contributions of Ca 2+ from the weathering of evaporites such as gypsum or anhydrite may also generate overestimates of the degree of carbonate weathering. However, studies of southern Tibetan hot springs (Ping et al., 2000) suggest that sulfate-rich hydrothermal waters are generated from pyrite oxidation rather than gypsum weathering which would limit non-silicate, non-carbonate, Ca 2+ sources. In addition, studied basins are generally of similar enough composition that they fit the chemical stoichiometry used here. As a result, the CWI is a reasonable approximation of the importance of carbonate weathering in our study areas.
The calculated carbonate weathering index (CWI) ranges from 0.26 to 0.98 for all streams analyzed and is shown in Table 2 . Most streams in the area immediately upstream of Namche Barwa have CWI values close to 0.9 and samples from tributaries of the middle and upper Yarlung Tsangpo exhibit similar CWI values (Table 2 ). Samples south of the syntaxis along the Siang also show similarly high CWI values, which are consistent with streams draining carbonaterich sedimentary units. These data indicate that the Ca 2+ and Mg 2+ fluxes in rapidly uplifting portions of the syntaxis and the western portion of our study area are dominated by carbonate weathering reactions, despite the fact that we observed very little carbonate rocks in these drainages.
One potential source of this carbonate is calcite veins within schists and other felsic volcanics or in shallow hydrothermal systems. These types of calcite vein systems have been identified in other tectonically active areas (Koons et al., 1998; Chamberlain et al., 2002; Jacobson et al., 2002) and are thought to form through the development of hydrothermal vein systems. Because calcite dissolution rates are several orders of magnitude faster than plagioclase (Chou et al., 1989; Blum and Stillings, 1995) , even small quantities of calcite in veins can exert significant control on Ca 2+ and Sr 2+ fluxes (Blum et al., 1998; Chamberlain et al., 2005) . As a result, vein calcite may be an important contributor to cation budgets in Yarlung Tsangpo. However, Mg 2+ /Ca 2+ ratios are relatively high, suggesting there could be loss of Ca 2+ from the system through secondary calcite precipitation or possibly a high-Mg carbonate source such as dolomite that is destroyed in transport and thus absent from the stream bedload. One means of evaluating whether secondary calcite precipitation can influence Mg 2+ /Ca 2+ ratios is by examining the calcite or dolomite saturation index of a stream. Using stream temperature, pH, and solute chemistry, we calculated whether or not each stream system was saturated with respect to calcite or dolomite using Geochemist's workbench (Bethke, 1996) . A plot of the mineral saturation index (Fig. 10) shows that in general, most streams are undersaturated with respect to these minerals. However, a number of tributaries in the middle and upper Yarlung basin and from the most rapidly uplifting portion of the study area in the Po and lower Yarlung basins adjacent to the Namche Barwa syntaxis, are close to or supersaturated with respect to calcite and dolomite. In these streams, supersaturation of carbonate species may result in the preferential precipitation of secondary calcite during fluvial transport. In some Himalayan waters (Jacobson et al., 2002; Bickle et al., 2005) 2+ from gypsum weathering, this assumption could result in an overestimation of the CWR Carb . We calculated the total flux of cations derived from the weathering of carbonate and silicate components according to the methods outlined in Mortatti and Probst (2004) and Galy and FranceLanord (1999) Because hot springs are not a significant source of Mg 2+ , the molar quantity of Mg-derived from the weathering of silicates can be similarly approximated by:
From these the chemical weathering rate of carbonates and silicates are approximated by the total mass flux of cations from each component:
Hot springs þ Na þ Hot springs
In this calculation, the component of each ion derived from hot springs depends on the ion/Cl À ratio and the concentration of Cl À in solution after correction for rain water additions and: Total CO 2 consumption by silicate weathering can be approximated by the total molar charge equivalents of all cations generated by silicate weathering. This can be calculated by the following formula:
In this equation, factors of 1 are applied to K + and Na* and 2 for Ca 2+ and Mg
, for the stoichiometric coefficients of weathering reactions for cations released and alkalinity produced by weathering reactions (Mortatti and Probst, 2004) .
CWR carb and CWR sil for the tributaries along the Nyang, Po, Yarlung Tsangpo, Lhasa He, and Siang vary significantly in response to tectonic and climatic factors. In tributaries along the Nyang, the CWR carb rates are relatively low, between 0.16 and 3 tons km À2 yr
À1
, although two of the high elevation streams (05-Tibet-1 and 05-Tibet-2) exhibit CWR Carb up to 9 tons km À2 yr
. In general, streams in this drainage system are well below measures for the bulk Ganga-Brahmaputra ($34 tons km À2 yr À1 ). Likewise, CWR sil for these tributaries are also low, and range from 0.30 to 1.25 tons km À2 yr
. . Some of the highest values are located in the area closest to the syntaxis and the areas of the most rapid exhumation ( Fig. 2; Table 2 ). The highest CWR sil in these areas are more than an order of magnitude greater than rates in streams draining into the upper and middle Tsangpo. However, tributaries of the Siang show consistently high CWR Carb due to the high abundance of carbonate-bearing rocks south of the eastern syntaxis and high CWR Sil due to high precipitation. These data support weathering models that show that rapid rates of chemical weathering are generated in areas of rapid surface uplift or erosion (Riebe et al., 2001; Riebe et al., 2004; Chamberlain et al., 2005; Waldbauer and Chamberlain, 2005) .
Rapid chemical denudation in the eastern syntaxis generates markedly higher rates of CO 2 consumption by silicate weathering than in areas with lower rates of uplift. In this area, CO 2 consumption by silicate weathering is nearly an order of magnitude greater than other portions of the Yarlung Tsangpo-Brahmaputra in Tibet, and reaches $5.5 · 10 5 mol km À2 yr À1 in streams east of Pai. However, the high concentrations of SO 4 2À in many tributaries suggest that part of the silicates may be weathered by H 2 SO 4 generated during pyrite oxidation. As a result, these estimates of CO 2 consumption by silicate weathering may be an upper estimate.
In general, the total flux of cations derived from hot springs is less than 1-2% of the total cation flux, however it may exceed 15% in some streams in the middle Yarlung Tsangpo. These streams, such as 05-Tibet-100 and W-2-7, are characterized by extremely high dissolved Cl À concentrations of up to 440 lM as well as elevated Na + concentrations. The large inputs from hot springs or sodium chloride evaporites in these stream samples are evidenced in the ternary diagrams shown in Figs. 8 and 9.
Relationships between climate, tectonics, and chemical weathering
The Tsangpo-Brahmaputra spans a wide range of climatic and tectonic environments. As a result, chemical weathering rates may be expected to vary dramatically across the study area in response to changes in climatic, tectonic, or geomorphic factors (Millot et al., 2002; West et al., 2005) . Because major ions such as Ca 2+ and Mg 2+ may be easily influenced by the weathering of trace carbonates and Na + is affected by hydrothermal inputs and evaporite weathering, dissolved Si fluxes may provide a good measure of overall silicate weathering rates. We use it here as a means of examining the role of climatic and geomorphic factors on silicate weathering. In contrast to previous studies of climate and weathering (White and Blum, 1995; Dalai et al., 2002) dissolved Si and base cation concentrations show little or no correlation with the stream temperature at the time of sampling. This is likely due to the relatively narrow range of temperatures observed during our sampling period and the larger influences of changing geologic and geomorphic conditions. However, precipitation or runoff is shown to be one of the primary controls of chemical weathering rates on a global scale (Bluth and Kump, 1994; White and Blum, 1995; Gaillardet et al., 1999) . Stream chemistry and weathering flux data from the Tsangpo support this, and show a strong correlation between dissolved Si fluxes and precipitation (Fig. 11) . This relationship could be expected since annual fluxes for the streams studied are calculated using TRMM satellite precipitation data. However, the relationship between dissolved Si fluxes and precipitation is in good agreement with previous studies of humid tropical watersheds (Oliva et al., 2003) . These data do, however, have a steeper slope than that observed by White and Blum (1995) in their analysis of global silicate weathering fluxes and precipitation/runoff. As a result, in the Yarlung Tsangpo, high precipitation/runoff generates higher dissolved Si fluxes than would be predicted from the relationship between precipitation/runoff and Si fluxes observed in a global dataset (White and Blum, 1995) . This may be due in part to the relatively high rates of tectonic uplift in the eastern Himalayan region where the precipitation is the highest, as well as the influence of recent glaciations which provide large volumes of easily weathered fine materials.
Although there are few erosion rate measurements along the Yarlung Tsangpo and in the eastern syntaxis, one means of examining the relationship between erosion and chemical weathering fluxes is to look at spatial variability of weathering. A plot of the calculated annual dissolved Si and CWR Sil flux against the longitudinal profile of the Tsangpo and calculated stream power shows that dissolved Si fluxes are high in sections of the Brahmaputra drainage characterized by a relatively steep river profile and high stream power (Fig. 12) . These steep sloped, highly erosive regions may continually expose fresh rock to weathering through landsliding, glaciation, or river incision and combined with high precipitation, may result in extremely high weathering fluxes. This is particularly well evidenced in the region $1500-1700 km downstream of the river headwaters and in the eastern syntaxis region ($2000 km downstream) where dissolved Si fluxes closely mirror measured stream power. These data suggest that in this system, climatic and tectonic factors that result in high rates of physical erosion also generate high rates of chemical weathering and attests to the strong links between climatic, tectonic, and geomorphic factors and chemical weathering.
The role of the eastern syntaxis of the Himalaya on the chemical weathering budget of the Brahmaputra
Quantifying chemical weathering fluxes in the eastern syntaxis of the Himalaya is important because rapid rock uplift and heavy monsoonal precipitation in this area may have resulted in high rates of silicate weathering and CO 2 consumption over millions of years. To quantify these fluxes, we examined the difference in chemical weathering fluxes in the Brahmaputra below the eastern syntaxis at Pasighat (Singh et al., 2005) and the combined flux in the Yarlung Tsangpo at Pai and the Po Tsangpo upstream of Gyala Peri. One recent estimate of CO 2 consumption from the syntaxis uses this approach based on a water sample from the Brahmaputra at Pai and one at Pasighat (Singh et al., 2005) . We apply the same approach here, adding river data from the Po Tsangpo, north of Namche Barwa. Based on river chemistry, average Ca/Na Plagioclase and Mg/Na Rock values, and current estimates of the river discharge, we show that the annual flux of TDS (tons km À2 yr
À1
) from the Po Tsangpo is nearly twice that of the lower Yarlung Tsangpo at Pai. Similarly, the silicate cation flux and CO 2 consumption by weathering are both four to five times greater in the Po than the Yarlung Tsangpo at Pai. In total, the TDS flux from the eastern syntaxis is greater than 526 tons km À2 yr À1 and CO 2 consumption by silicate weathering is 15.2 · 10 5 mol km À2 yr
which is more than twice the Brahmaputra average and forty times greater than the CO 2 consumption rates for the Tibetan portion of the drainage. This represents more than 15% of the Brahmaputra total from only 4% of the total basin drainage area. If the total CO 2 consumption by weathering is approximated by the total SiO 2 flux (8.6 · 10 5 mol km À2 yr
) where 1 mol Si equals 2 mol CO 2 consumed (Edmond and Huh, 1997) , weathering in the syntaxis would be expected to account for more than 20% of the total CO 2 consumption in the Brahmaputra. While measures of TDS in the syntaxis are higher than previous measures, our calculation of total CO 2 consumption by silicate weathering in the eastern syntaxis is less than that of Singh et al. (2005) . This is due to differences in elemental concentrations at the time of sampling, estimates of stream discharge at Pai and Pasighat, and differences in the Ca 2+ /Na + and Mg 2+ /Na + ratios used to calculate silicate versus carbonate flux components. Additionally, our calculation is lower because we include stream data from the Po Tsangpo, which is a drainage that shows relatively high chemical weathering fluxes. However, our calculations support previous studies that show that the eastern syntaxis has a significant impact on the chemical fluxes in the Brahmaputra (Singh et al., 2005) and dominates sediment fluxes (Singh and FranceLanord, 2002) .
While chemical weathering in the syntaxis dominates the riverine chemical load of the Brahmaputra, recent studies (Moore, 1997; Dowling et al., 2003) suggest that chemical weathering of sediments in the lower plains of the GangaBrahmaputra basin and the Bengal delta may generate a significant subsurface chemical flux (Dowling et al., 2003) . Thus, the true impact of the rapid uplift and erosion of the Global relationship between runoff and Si fluxes (from White and Blum, 1995) Fig. 11. Plot of precipitation/runoff versus measured Si flux (mol ha À1 yr À1 ) for Yarlung Tsangpo. Si fluxes exhibit a strong correlation with precipitation/runoff with a slope similar to that observed in tropical humid watersheds. Solid black line represents the slope of the relationship between Si and runoff for a global data set (White and Blum, 1995). eastern syntaxis region on the chemical budget of the Ganges-Brahmaputra may be more significant than shown here, if the chemical flux from sediments generated in this area and weathered in the Bengal delta are included in total chemical weathering budgets.
CONCLUSIONS AND IMPLICATIONS
The examination of watershed geochemistry in the Tibetan tributaries of the Yarlung Tsangpo-Brahmaputra river attests to the strong links between tectonic and climatic processes and chemical weathering. Silicate weathering throughout most catchments in southern Tibet and in the eastern syntaxis of the Himalaya is dominated by the chemical breakdown of plagioclase and the production of kaolinite, however overall chemical weathering fluxes are strongly regulated by the dissolution of carbonate in the studied catchments. Roughly 80-90% of all Ca 2+ and Mg 2+ are derived from the weathering of these carbonates. This result supports previous studies (Blum et al., 1998; Jacobson et al., 2003) which demonstrate that in active tectonic environments, weathering fluxes are often dominated by carbonate weathering processes, even when there is little or no carbonate rock exposed within the catchment. Surprisingly however, hydrothermal inputs from the Himalayan geothermal belt and evaporite weathering in the arid western portion of the Yarlung basin provide significant inputs to many tributaries of the TsangpoBrahmaputra and may strongly affect solute budgets of these streams.
In total, chemical weathering in the Brahmaputra basin accounts for 2-3% of the total CO 2 consumption by silicate weathering world-wide (Singh et al., 2005) . However, much of this weathering occurs in a relatively small area with extremely high rates of rock uplift and heavy monsoonal precipitation. Chemical weathering rates and CO 2 consumption by silicate weathering in the eastern syntaxis of the Himalaya are nearly an order of magnitude higher than the world average and are close to weathering rates for some of the most rapidly eroding basaltic terrains. Total CO 2 consumption by silicate weathering in this area accounts for more than 15-20% of the total in the Brahmaputra basin despite making up only 4% of the total basin area. High chemical fluxes in the eastern syntaxis are driven by rapid rock exhumation (3-10 mm yr À1 ) and heavy monsoonal precipitation, which generates large volumes of sediment that are mobilized through frequent landslides and removed by fluvial processes. As a result, long-term changes in the rate of tectonic uplift in this area or the intensity of the monsoon over this region could have dramatic consequences for the weathering budget of one of the world's major rivers and for global CO 2 consumption by silicate weathering. -94  ------05Tibet-102  ------05Tibet-104  ------05Tibet-105  ------05Tibet-106  ------ 
